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Responses of naturally infected Etheostoma caeruleum
to the presence of the acanthocephalans, Acanthocephalus
dirus and Pomphorhynchus bulbocolli, were observed in 10u
sections of intestines stained with hematoxylin and eosin.
Both parasite species caused tissue damage to the host and
elicited host responses.

The major difference in parasite

destruction was shallow tissue penetration by A. dirus
proboscides while the proboscides of P. bulbocolli nad
deeper penetration and capsule formation.

The most common

parasite was P. bulbocolli, yet concurrent infections were
not uncommon.

Effects of concurrent infection were a

combination of single species effects on the host.

Connec-

tive tissue hyperplasia was more evident in intestinal
layers, especially the lamina propria, in infections with
P. bulbocolli.

The proboscides of A. dirus did not nene-

trate all the intestinal layers of the host.

However, the

nroboscides of P. bulbocolli usually passed through all

xi

layers of the intestine.

Proboscides of P. bulbocolli were

)bserved penetrating other tissues of the host such as
lymphatic, adipose, testicular, and ovarian.

Cellular

infiltration and connective tissue proliferation were more
pronounced in the E. caeruleum infected with P. bulbocolli.

xli

INTRODUCTION

Acanthocephalans are, as adults, parasites in the
intestines of vertebrates.

In this location, the worms

host
are attached by their spiny proboscides to the
tissue.

Pathogenicity related to the infections has

ration
been presumed on the basis of the depth of penet
dead or
and the presence of large numbers of worms In
dying hosts (Escn and Huffines 1973).

However, literature

from
dealing with histopathologic conditions resulting
the infections is sparse.
nical
In those few studies reported previously, mecha
elium
damage by penetration of the proboscis into epith
resulting
and underlying tissues was the primary damage
from infection.

Variation in these findings was attributed

host, and
to the number of parasites present, age of the
size of the fish.

Fibrosis resulted at points of contact

between the parasite and host.

Cellular infiltration

was also observed at these points.

The observations

Leptowere reported by Venard and Warfel (1952) for
and
rhynchoides thecatus in Huro salmoides and by Esch
dolomieui.
Huffines (1973) for L. thecatus in Micropterus
of
Hine and Kennedy (197)4) studied the pathology
the British
Pomphorhynchus laevis in cyprinid fishes of

2

Isles and reported similar results.

In addition,

Chaicharn and Bullock (1967) reported an increased
number of goblet cells in the intestine as a result of
infection of catostomid fish with the acanthocephalan,
Pomphorhynchus bulbocolli.
High intensities of infections with P. bulbocolli
have been observed in a variety of fish species in the
West Fork of Drake's Creek in northern Simpson County,
Kentucky.

This phenomenon allowed easy acquisition of

infected fishes for study of histopathology related to
infection.

In addition, Acanthocephalus dirus occurred

in the fishes facilitating comparison of the histopathology resulting from infections with the two species.
The presence of both species was of particular interest
because of differences in depth of penetration and
intensity of infection.
The host species chosen for this study was the rainbow
darter, Etheostoma caeruleum.

The research project was

initiated to study the histopathology of infection by the
two species of acanthocephala in this host fish, even
though it is probably not the primary definitive host for
either species of parasite.

However, infection rates were

high and concurrent infections observed frequently.

MATERIALS AND METHODS

Infected fish were obtained from the West Fork of
Drake's Creek, 6.44 km south of Woodburn in Simpson
County, Kentucky.

The collection site was at the low

water bridge on the second right road off from Cedar Bluff
Road traveling east from U. S. Highway 31-W.

The un-

infected fish were obtained from Trammel Creek at the low
water bridge on Mount Lebanon Road, 2.41 km west of
Alvaton in Warren County, Kentucky.
Because of the availibility of E. caeruleum and the
numerous acanthocephalans at the West Fork of Drake's
Creek, the area lent itself to the acquisition of fish
for the histopathological study.

All of the fish examined

were taken from the creeks in the spring of 1978 by
seining or electroshocking.
laboratory and killed.

The fish were taken to the

Each fish was weighed and measured.

A total of 17 infected and 2 uninfected fish, all
E. caeruleum, were studied.

The total length of the fish

ranged from 3.3-6.6 cm with an average length of 4.7 cm.
The average weight of the fish was 1.69 g.

An incision

was made from the vent to the gular region and the
digestive tract with the associated organs was removed.
These were placed under a stereomicroscope for preliminary
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examination to determine if the fish were infected with
P. bulbocolli.

The digestive tracts with associated

organs were then fixed in A-F-A, embedded in histowax,
serially sectioned at ten microns, and stained with
Harris' hematoxylin and eosin using standard techniques.
The specimens were covered with Kleermount and coverslips.

Slides were dried, stored, and subsequently studied

with the aid of a Wild M-20 research microscope.

Photo-

micrographs of representative normal and histopathological
conditions were taken with the attached automatic camera.

The tissues of infected fish from the West Fork of
Drake's Creek were compared with those of fish collected
at Trammel Creek that had no acanthocephalan infections.
The intestinal tissues of the uninfected fish had
distinct intestinal organization and structure.

The wall

of the intestine consisted of the inner epithelium, lamina
propria, stratum compactum, circular muscle layer, longitudinal muscle layer, and an outer serosa (Fig. 1).
Intestinal folds were intact and extended into the lumen
(Fig. 2).

These folds were composed of columnar epithelium

and a core of lamina propria (Fig. 3).

The lamina

propria, underneath the epithelium, was comprised of fine
connective tissue with a few wandering lymphocytic cells.
The stratum compactum was a dense connective tissue beneath the lamina propria.

Circular and longitudinal

muscle layers were smooth muscle and extended completely
around the lamina propria.
of serosa.

The outer membrane consisted

Lymphocytic cells were not observed within the

stratum compactum or either of the muscle layers.
In fish infected with acanthocephalans, two species,
A. dirus and P. bulbocolli, were observed and these were
in the anterior 2/3 of the intestine.

Observations

Figure 1.

Section of intestinal wall which is from
uninfected Etheostoma caeruleum.

Columnar

epithelial cells with random goblet cells line
the lumen of the intestine (right).

Stratum

compactum (dense connective tissue) is evident
at the left.

X 2200.

7

Figure 2.

An intestinal mucosal fold from Etheostoma
caeruleum exemplifying the arrangement of
tissues in an uninfected fish.

Columnar epi-

thelium and lamina propria comprise the fold.
Few wandering leukocytic cells are present.
Dense connective tissue underlies the lamina
propria at the bottom of the figure.

X 575.

0

Figure

3.

Mucosal fold from an uninfected Etheostoma
caeruleum illustrating the periperal epithelium
and core of lamina propria.

The columnar epi-

thelial cell appearance is evident.

X 575.
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indicated the P. bulbocolli was the major acanthocephalan
parasite of the infected fish.

Nevertheless, both species

were observed in the same fish and in close proximity
(Fig. 4).

In these circumstances, both parasites caused

damage to the host in the same manner as if they were
single species infections.

There did not appear to be any

synergistic effects resulting from the concurrent
infection.

Acanthocephalus dirus
Infections of darters with A. dirus resulted in
mechanical damage to the host tissue as a result of penetration and withdrawal of the proboscis.

This species

was observed with the proboscis embedded in the host's
tissue and the trunk free in the lumen of the intestine
(Fig. 5).

Penetration of the worm's proboscis into the

tissue disrupted the epithelial layer.

Further damage

to the lamina propria was caused by the tearing action of
the hooks in retraction.

In the area where the trunk was

in contact with the epithelium, the cells were compressed
and there was an increased number of goblet cells (Fig. 6).
Very few wandering cells were observed in the tissue in
contact with the parasite

Complete penetration of the

parasite through all intestinal layers was not observed
for A. dirus in E. caeruleum.
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Figure 4.

Intestinal section of Etheostoma caeruleum that
shows the close proximity of Acanthocephalus
dirus and Pomphorhvnchus bulbocolli in concurrent infections.

The proboscis of A. dirus

penetrates the epithelium and lamina propria
while that of P. bulbocolli penetrates those
and the stratum compactum, circular muscle
layer, longitudinal muscle layer, and serosa.
The epithelium in the area is completely
destroyed and fibrous connective tissue is infiltrating into the area around the proboscis.
X 160.
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Figure 5.

Gravid female Acanthocephalus dirus occupying
the intestinal lumen of Etheostoma caeruleum.
Epithelium is compressed where it is in contact
with the trunk of the worm.

The hole at the

bottom left is a result of the tearing action
of the proboscis hooks during retraction of
the proboscis.

X 325.

Figure 6.

Damage to the intestine of Etheostoma caeruleum
resulting from the penetration of the proboscis
of Acanthocephalus dirus and embedding of the
hooks in the lamina propria and stratum compactum.

The epithelial layer is absent as a

result of the tearing action of the hooks.

At

the upper right of the figure, note the increased
number of goblet cells in the epithelial layer
adjacent to the trunk of the parasite.

X 575.
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Pomphorhynchus bulbocolli
In most cases, P. bulbocolli was also found in the
lumen of the host intestine.

The infections by this

species caused damage to the host by penetration of the
proboscis, proboscis bulb, and neck through the intestinal
layers while the trunk of the parasite remained in the
intestinal lumen.
In regions of trunk contact with the host tissue,
the intestinal folds were compressed or absent (Fig. 7).
The epithelial cells lost their columnar appearance and
became flattened.

In these same areas, there was an in-

creased number of goblet cells (Figs. 7 and 8).

Erosion

of the epithelium occurred in some areas of trunk contact
(Fig. 9).

Wandering leukocytes infiltrated areas adja-

cent to the trunk of the worm.

These cells were numerous

where the epithelium was absent and many cells were in
the lumen (Figs. 10, 11, 12, and 13).
In circumstances where the penetration of the parasite
was complete, epithelial compression and erosion was observed in the area of proboscis penetration.

The lamina

propria showed compression, a build-up of fibrous connective tissue, and an infiltration of wandering leukocytes
around the neck to form a tunnel (Fig. 14).

Fibrous

connective tissue was prevalent in the lamina propria and
both muscle layers, increasing the width of the tunnel
wall surrounding the neck.

Infiltrating cells, predom-

inantly lymphocytes and polymorphonuclear leukocytes,

114

Figure 7.

Intestinal epithelium of Etheostoma caeruleum
that is in contact with the trunk of Pomphorhynchus bulbocolli.

The epithelium is com-

pressed and other layers of the intestinal wall
also appear compressed.

X 325.
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Figure 8.

Tegument of Pomphorhynchus bulbocolli which is
appressed against the epithelium of the intestine of Etheostoma caeruleum.
the epithelium is apparent.

Compression of
Cellular infil-

tration is present in the stratum compactum.
X 575.
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Figure 9.

Intestinal epithelium erosion of Etheostoma
caeruleum as a result of contact with the
trunk of Pomphorhynchus bulbocolli.

There is

an increase in the number of goblet cells and
wandering leukocytic cells in the epithelial
layer.

X 32.
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Figure 10.

Numerous cells infiltrate into the intestinal
lumen of Etheostoma caeruleum infected with
Pomphorhynchus bulbocolli.

The infiltrating

cells are mainly lymphocytes and polymorphonuclear leukocytes.

The epithelium and lamina

propria are absent.

X 325.
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Figure 11.

Leukocytic infiltration into the lumen of the
intestine of Etheostoma caeruleum that is
proximal to the trunk of Pomphorhynchus bulbocolli.

Epithelial cells are dispersed among

the infiltrating cells.

X 2200.

19

Figure 12.

Leukocytio infiltration, predominantly
polymorphonuclear leukocytes, occurs in the
lumen of the intestine of Etheostoma caeruleum
that is infected with Pomphorhynchus bulbocolli.

X 5200.
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Figure 13.

Infiltrating cells are also found in the area
of contact between the Pomphorhynchus bulbocolli tegument and the Etheostoma caeruleum
intestinal tissue.

The epithelium is absent

and the infiltrating cells are of the same
type as those found in the lumen.

X 5200

Figure 14.

The bulb and neck of Pomphorhynchus bulbocolli
completely penetrate all intestinal layers of
Etheostoma caeruleum.

Infiltration of fibrous

connective tissue forms a tunnel around the
bulb and neck region of the parasite.

Infil-

trating leukocytes are present at the apex of
the bulb and in the tissue surrounding the
neck region.

X 160.
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were observed around the tunnel near the site of penetration (Figs. 15 and 16).
In some instances the proboscis, proboscis bulb, and
neck of P. bulbocolli did not completely penetrate the
Intestinal tissue.

In those cases, the epithelium was

destroyed around the proboscis and flattened in the areas
directly in contact with the bulb.

There were increases

In the amount of fibrous connective tissue and the number
of infiltrating cells in the lamina propria.

The stratum

compactum also showed an increased number of infiltrating
cells and increased fibrous connective tissue.

The bulb

of the worm had enlarged in either the tissue or the intestinal lumen and did not penetrate the muscle layers
(Fig. 16).

No increase in fibrous connective tissue was

observed in the muscle layers in this incomplete penetration.
From observations made in this study, the fibrous
connective tissue and the infiltrating cells were a part
of the host's response to tissue damage inflicted by the
parasite.

Both of these responses were observed as a

partitioning of the parasite from contact with host tissue
and prevention of further damage.

The fibrous connective

tissue was also observed in places in the intestinal wall
where the parasite had destroyed the tissue and passed
through into the coelomic cavity.

The infiltrating cells

were often found in conjunction with the depositions of
fibrous connective tissue which encapsulated the proboscis

23

Figure 15.

The complete penetration of the neck of
Pomphorhynchus bulbocolli disrupts all intestinal layers of Etheostoma caeruleum.

The

trunk is still within the lumen of the intestine.

The bulb, not visible in this section,

passes through adipose tissue.

The initiation

of cellular infiltration is apparent.

X 160.
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Figure 15.

A Pomphorhynchus bulbocolli that is
incompletely penetrating the intestinal wall
of Etheostoma caeruleum.

The bulb is enlarged

in the intestinal lumen.

The epithelium is

destroyed in the region of the proboscis and
anterior bulb.

Compression of the epithelium

occurs where the posterior bulb and neck contact the tissue.

Intense proliferation of

fibrous connective tissue is evident in the
lamina propria and stratum compactum.

X 160.
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region of the worm (Fig. 17).

In some specimens, infiltra-

ting cells had penetrated into the worm.

Heavy infiltra-

tions of polymorphonuclear leukocytes and lymphocytes
(Fig. 18) and fibrous connective tissue (Fig. 19) with
fibroblasts resulted in varying degrees of encapsulation
and subsequent death of the worm (Figs. 20, 21, 22, and 23).
While some of the parasites were free in the coelom,
others had penetrated various organs of the darter.

The

worms were observed embedded in adipose, lymphatic,
testicular, and ovarian tissues.

In all instances, tissue

damage resulted from the penetration of the proboscis.
Infiltrating cells were observed in the regions of tissue
damage especially around the neck region of the worm.
Fibrous connective tissue deposition was observed in some
Instances.

Most often, this occurred where the worm had

penetrated adipose and lymphatic tissues, but the deposition of the fibrous connective tissue was not as great,
relatively speaking, as the wandering cell migration.
Damage to the reproductive tissue was apparent and testicular
(Fig. 24) and ovarian (Fig. 25) tissues were penetrated by
the proboscides.

The effects on the reproductive potential

of the fish have not been determined.
Complete penetration of P. bulbocolli through all
layers of the intestine occurred frequently, and the entire
worm had passed through the intestinal wall into the
coelomic cavity.

This penetration and migration created

a massive hole in the intestine.

The parasites were often

26

Figure 17.

There is a fibrous connective tissue build-up
with cellular infiltration around a proboscis
of Pomphorhynchus bulbocolli in the coelomic
cavity of Etheostoma caeruleum.

X 575.
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Figure 18.

Lymphocytes and polymorphonuclear leukocytes
in fibrous connective tissue around a proboscis
of Pomphorhynchus bulbocclli which is in the
coelomic cavity of Etheostoma caeruleum.

X 575.

Figure 19.

Connective tissue proliferation occurs around
a proboscis of Pomphorhynchus bulbocolli in
the coelomic cavity of Etheostoma caeruleum.
Collagenous fibers and fibroblast cells are
present.

This fibrous connective tissue is

found directly adjacent to the parasite.
X 2200.
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Figure 20.

Cross sections cut through two proboscides,
one viable and one dead, of Pomphorhynchus
bulbocolli in the coelomic cavity of Etheostoma
caeruleum.

The proboscides are walled off by

infiltrating fibrous connective tissue.

X 325.
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Figure 21.

Cross section of the viable Pomphorhynchus
bulbocolli proboscis which is in the coelomic
cavity of Etheostoma caeruleum as previously
shown in Fig. 20.

The integrity of the para—

site tissue is evident.

X 575.
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Figure 22.

Cross section of the dead Pomphorhynchus
bulbocolli proboscis which is in the coelomic
cavity of Etheostoma caeruleum as previously
shown in Fig. 20.

Proboscis is encapsulated

by fibrous connective tissue.

Infiltrating

cells are present inside of the parasite.

X 575.

3'2

Figure 23.

The remnants of a Pomphorhynchus bulbocolli
proboscis present in the coelomic cavity of
Etheostoma caeruleum.

Parasite tissue is

completely encapsulated.

Death of the parasite

is indicated by the disarray of hooks and loss
of tissue integrity.

X 1040.
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Figure 24.

Testicular tissue of Etheostoma caeruleum that
is penetrated by Pomphorhynchus bulbocolli.
The proboscis of the worm is penetrating into
the testicular tissue.

X 325.
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Figure 25.

Damage to the ovarian tissue of Etheostoma
caeruleum that results from penetration of
the proboscis and bulb of Pomphorhynchus
bulbocolli.

Some leukocytic infiltration is

present in the region of the proboscis.
X 160.

,
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unattached in the coelom and had many infiltrating cells
(lymphocytes and polymorphonuclear leukocytes) surrounding
them especially in the regions of the proboscis, proboscis
bulb, and neck (Fig. 26).

The cells were of the same type

as those observed in the intestinal lumen and tissues of
the host.

Fibrous connective tissue was also observed

around the worms in the coelomic cavity.

This tissue

was more prevalent in the proboscis, proboscis bulb, and
neck areas, although the fibrous connective tissue was
observed around other parts of the worms.

However, some

worms had no apparent host response to their presence
(Fig. 27).
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Figure 26.

Specimen of Pomphorhynchus bulbocolli which is
completely in the coelomic cavity of Etheostoma
caeruleum.

The worm penetrates a portion of

the lymph node on the right of the photograph.
X 160.
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Figure 27.

Pomphorhynchus bulbocolli that penetrates
through the intestinal layers and is observed
in the coelcmic cavity of Etheostoma caeruleum.
No cellular or tissue response occurs in the
areas proximal to this parasite.

X 160.

tip

oratt

DISCUSSION

Definite histopathology was associated with the
naturally occurring infection of Etheostoma caeruleum with
two species of acanthocephalans.

While E. caeruleum has

not been reported previously as a host for either A. dirus
or P. bulbocolli, the histopathology observed in this study
was similar to the results reported by Chaicharn and Bullock
(1967) for P. bulbocolli, Octospinifera macilentus, Neoechinorhynchus cristatus, and N. proxiloides in catostomid
fishes.

Bullock (1963) reported the penetration of the

proboscis of Acanthocephalus jacksoni into the mucosa of
Salvelinus fontinalis and Salmo gairdneri.

The degree of

pathology has been related to parasite species and preferred site of attachment (Esch and Huffines 1973, Hine and
Kennedy 1974, Venard and Warfel 1953).
In this study, host tissue damage was caused by the
tearing of tissues with the proboscis hooks of A. dirus
or by actual penetration of the intestinal tissues by the
proboscis, proboscis bulb, and neck of P. bulbocolli.

The

majority of the parasites observed were P. bulbocolli, although concurrent infections with A. dirus were not uncommon,
Concurrent infections did not lead to any apparent synergistic effects and damage was the combined effects of
pathology observed In single species infections.
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Penetration by the proboscides of A. dirus into the
Intestinal layers was not as deep as P. bulbocolli, but the
penetration and retraction of the A. dirus proboscis hooks
did damage the epithelium and lamina propria.

These obser-

vations are similar to those for A. Jackson! reported by
Bullock (1963).

He observed that A. jacksoni never pene-

trated the muscularis of salmonid fishes.

The similar

observations for A. dirus in this study would be assumed
because of the morphological similarities between A. dirus
and A. jacksoni.

Harris (1972) observed that the depth

of penetration determined the histological reaction of the
host tissues.

In this study, E. caeruleum responded with

fewer infiltrating leukocytes and lesser amounts of fibrous
connective tissue in A. dirus Infections as compared to
infections with P. bulbocolli.
Massive host responses were caused by P. bulbocolli in
all areas of contact with the host tissue.

Upon establish-

ment in the intestine of the host, the presence of the bulb
prevented subsequent migration.
reactions to the parasite.

This accentuated host

This host response to an immo-

bile parasite has been reported previously by Hine and
Kennedy (1974) for Pomphorhvnchus laevis in salmonid and
cyprinid fishes.
All intestinal layers were penetrated frequently by
the proboscis neck region of P. bulbocolli while the trunk
remained in the lumen.

Pathology was observed where the

trunk was in contact with the host tissue.

Epithelium was
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compressed to absent with some areas showing erosion of
epithelium at the point of contact with the parasite.
This erosion of epithelium in E. caeruleum has not been
reported for P. bulbocolli infections in other species of
fish.

However, Bullock (1963) reported compression of

epithelial cells by A. iacksoni in salmonid fishes.
Chaicharn and Bullock (1967) reported cellular compression
of epithelium by P. bulbocolli in C. commersoni.

Goblet

cells were much more evident in the epithelial layer of
E. caeruleum where contacted by P. bulbocolli.

The increased

number of goblet cells was also observed by Bullock (1963)
In salmonid fishes infected with A. jacksoni.
Where the trunk of P. bulbocolli remained in the
intestinal lumen of
marked.

caeruleum, cellular infiltration was

The cells were concentrated where the epithelium

was absent.

Venard and Warfel (1953) reported hemorrhage

with leukocyte infiltrations where epithelial debris was
apparent from the infection of Huro salmoides with
Leptorhynchoides thecatus.

In his work with salmonid

fishes, Bullock (1963) reported the presence of lymphocytes
and polymorphonuclear leukocytes in the lumen of the host
intestine, apparently related to the presence of acanthocephalans.
The greatest amount of tissue changes in E. caeruleum
occurred where the penetration of P. bulbocolli was observed.
The epithelium was destroyed while the surrounding lamina
propria exhibited an increase in fibrous connective tissue
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with many infiltrating leukocytes.

The connective tissue

also infiltrated the muscle layers surrounding the neck
of the worm.

The destruction of intestinal layers and

subsequent proliferation of connective tissue caused the
formation of a tunnel.

The tunnel formed in E. caeruleum

was similar to that reported by Hine and Kennedy (1974)
and Venard and Warfel (1953) in various species of fish.
Chaicharn and Bullock (1967) also reported tunnel formation
around the neck of P. bulbocolli in intestinal tissues of
C. commersoni.
Complete penetration of P. bulbocolli through the
Intestinal layers of E. caeruleum was a frequent phenomenon.
The worms were observed free in the coelom and attached to
associated host tissues.

The host responded to the presence

of the worm in the coelom much as it did when the parasite
was in the lumen.

Leukocyte infiltration and connective

tissue proliferation predominated in the proboscis,
proboscis bulb, and neck areas.

The numerous fibroblasts

proximal to the proboscis indicated an active formation of
the fibrous connective tissue capsule.

This capsular

formation has been reported previously by Chaicharn and
Bullock (1967) for P. bulbocolli in C. commersoni and by
Hine and Kennedy (1974) for P. laevis in salmonid and
cyprinid fishes.

However, a few specimens of P. bulbocolli

were observed in the coelom without any apparent host
response to them.

The lack of response by the host probably

indicated a recent penetration into that site by the parasite.
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Various extra-intestinal tissues of E. caeruleum,
such as adipose, lymphatic, testicular, and ovarian, had
parasite penetration.

The histopathology in these tissues

was a result of penetration of the proboscis.

The host

response varied with the type of tissue involved, and
the adipose and lymphatic tissues were more heavily infiltrated with cells and fibrous connective tissue than the
reproductive tissues.

SUMMARY

Intestinal tissue damage was observed in Etheostoma
caeruleum with naturally occurring infections of
Pomphorhynchus bulbocolli and Acanthocephalus dirus.
s
These parasite were found as concurrent or single specie
infections.

Synergistic effects were not apparent in the

concurrent infections.

Each species caused damage as if

in a single species infection.
In A. dirus infections, pathology was observed in
of
the epithelium and lamina propria because of the depth
penetration of the proboscis hooks.

Epithelial compression

parasite.
occurred at points of contact with the trunk of the
The pathology related to infection with P. bulbocolli
was extensive due to cellular compression and penetration
of the host's intestinal wall by the parasite.

The trunk

of P. bulbocolli in the lumen caused compression and
erosion of the epithelial layer.

Penetration of the

and the
intestinal layers by P. bulbocolli often occurred,
tissues.
proboscis subsequently penetrated extra-intestinal
of
In all infections, regardless of species or site
leukopathology, the host responded with infiltration of
.
cytes and proliferation of fibrous connective tissue
was
leukocytosis associated with A. dirus infections

The
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minimal.

Maximum host response occurred where P.

bulbocolli penetrated the intestinal wall and during
encapsulation of the proboscis, proboscis bulb, and neck
region.

APPENDIX I
Methods for preparation of tissues
for histological study

Fixation
Tissues from freshly killed fish were fixed in A-F-A
(Alcohol-formalin-acetic acid). The tissues were left
in the fixative for at least 24 hours.
A-F-A -
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parts 85% ethanol
10 parts formaldehyde
5 parts glacial acetic acid

Embedding
After fixation, the tissues were dehydrated in ethanol
and embedded in Histowax (melting point 52-54C)
using the following schedule:

70% ethanol
95% ethanol
100% ethanol
100% ethanol
xylene
xylene
50% xylene-50% Histowax
50% xylene-50% Histowax
melted Histowax
embed

1 hour
1 hour
1 hour
1 hour
1/2 hour
1/2 hour
1-2 hour
1 hour
1 hour

Sectioning
The block of Histowax with specimen was trimmed and
sectioned at 10u using an AO Spencer rotary microtome.
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Mounting
Ribbons obtained from serial sectioning were cut
to proper length, floated in a water bath at 500, mounted
on slides, and the slides were dried for a minimum of 24
hours at 54C.

Staining
Permanent, stained slides of the specimens were
prepared for histological study using the following steps:
xylene
100% ethanol
95% ethanol
70% ethanol
distilled water
Harris' hematoxylin
running tap water
1% HC1 in 70% ethanol
70% ethanol
0.5% NaHCO3 in 70%
ethanol
70% ethanol
95% ethanol
eosin
95% ethanol
95% ethanol
100% ethanol
100% ethanol
xylene
xylene

1/2-1 hour
15 minutes
15 minutes
15 minutes
15 minutes
10 minutes
rinse
until destained
rinse
10-15 minutes
rinse
10 minutes
10 minutes
rinse
rinse
15 minutes
15 minutes
15 minutes
15 minutes

Upon completion of the staining and dehydration
procedures, the specimen sections were mounted with Kleermount and covered with coverslips.
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